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(54) Process for producing honeycomb structure 



(57) A process for producing a honeycomb struc- 
ture, comprising the steps of: providing a substrate hav- 
ing cell walls in a honeycomb form and comprising Si0 2 , 
Al 2 0 3 and MgO as the main chemical components, ap- 
plying to said substrate a mixture of a component for 
lowering the cordierite crystal phase crystallization tem- 



perature of said substrate with a liquid medium, and fir- 
ing said substrate with said mixture applied to form a 
honeycomb structure comprising a crystalline cordierite 
phase, said crystalline cordierite phase comprising 42 - 
56% by mass of Si0 2 30 - 42% by mass of Al 2 0 3 and 
12 - 18% by mass of MgO as the main chemical com- 
ponents. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a process for 
producing a honeycomb structure, comprising mainly a 
cordierite crystalline phase, used as a catalyst support 
in an exhaust gas purifying device. 

2. Description of the Related Art 

[0002] A honeycomb structure, comprising mainly a 
cordierite crystalline phase, used as a catalyst support 
in an exhaust gas purifying device, is known (for exam- 
ple, Japanese Unexamined Patent Publication (Kokai) 
No. 6-165939). 

[0003] In such a honeycomb structure, if the porosity 
of the structure is low, the compressive strength is high 
but the amount of catalyst supported is small. On the 
other hand, if the porosity of the substrate is high, the 
amount of catalyst supported is large but the compres- 
sive strength is low. 

[0004] It is therefore difficult to make a honeycomb 
structure having a high compressive strength as well as 
able to support a large amount of catalyst. 
[0005] The object of the present invention is to provide 
a process for producing a honeycomb structure having 
a high compressive strength as well as able to support 
a large amount of catalyst. 

SUMMARY OF THE INVENTION 

[0006] The above and other objects of the invention 
are attained by providing a process for producing a hon- 
eycomb structure, comprising the steps of: providing a 
substrate having cell walls in a honeycomb form and 
comprising Si0 2 , AI 2 O a and MgO as the main chemical 
components, applying to said substrate a mixture of a 
component for lowering the cordierite crystal phase 
crystallization temperature of said substrate with a liquid 
medium, and firing said substrate with said mixture ap- 
plied to form a honeycomb structure comprising a crys- 
talline cordierite phase, said crystalline cordierite phase 
comprising 42 - 56% by mass of Si0 2 , 30 - 42% by mass 
of Al 2 0 3 and 12 - 18% by mass of MgO as the main 
chemical. 

DETAILED DESCRIPTION OF THE INVENTION 

[000*7] In accordance with the present invention, by 
applying said mixture of a component for lowering the 
crystallization temperature of cordierite crystal phase 
with a liquid medium followed by firing, the ratio in vol- 
ume of pores having a pore size of 1 ujti or less, which 
do not contribute to the catalyst support, in the honey- 
comb structure decreases, while the ratio in volume of 



pores having a pore size of 1 ujti or more, which do con- 
tribute to the catalyst support, increases. As a result, by 
decreasing in the ratio of small pores and therefore the 
total porosity, the compressive strength of the honey- 

s comb structure is increased, while the catalyst support- 
ing capability does not decease in comparison with the 
prior art since the ratio of large pores does not decrease. 
[0008] The reasons for the above are not clear, but it 
is considered that since the crystallization temperature 

10 of cordierite near the surface of the cell walls of the sub- 
strate is lowered, the cordierite crystalline phase is 
formed during the firing step from the surface toward in- 
side of the cell walls of the substrate and, in this gradual 
crystallization step, the small pores preferentially disap- 

15 pear in comparison with the large pores. 

[0009] In the present invention, it is preferred that the 
firing temperature after the application of said mixture Is 
close to a temperature for firing the substrate without 
the mixture applied. By the firing of the substrate with 

20 the applied mixture at the temperature at which the sub- 
strate without the mixture applied is to be fired, the small 
pores more effectively decrease. Here, the firing tem- 
perature" means the crystallization temperature and 
"the temperature close to the firing temperature" can be 

25 a temperature at which the substrate can be substan- 
tially fired or crystallized. 

[0010] It is also preferred that the mixture is applied 
to 80% or more, more preferably 90% or more, of the 
total surface area of the cell walls of the substrate. By 

30 this application at such a large area of the surface of the 
cell walls of the substrate, the small pores can decrease 
over approximately the entire surface of the cell walls, 
by which it is possible that the strength of the fired struc- 
ture increases and the catalyst supporting capability 

35 thereof is excellent. 

[001 1 ] It is also preferred that after said step of apply- 
ing of said mixture, an excess portion of said mixture is 
removed from the surface of said substrate. By this re- 
moving step, the mixture can be appropriately uniformly 

^0 applied or coated to the surface of the cell walls of the 
honeycomb structure, which is desired. 
[0012] It is further preferred that the substrate to 
which the mixture is applied is a substrate which has not 
been fired yet and the medium of the applied mixture is 

45 a non-aqueous organic medium. In this process, since 
the substrate to which the mixture is applied and which 
is to be fired is a non-fired substrate, a desired honey- 
comb structure can be obtained simultaneously when 
said substrate is fired, i.e., by a single firing step. 

so [001 3] The component for lowering the crystallization 
temperature of cordierite maybe one or more of sources 
for the components constituting the cordierite, such as 
talc, alumina, kaolin, Iron, titanium and mixtures thereof. 
Alternatively, components which become impurities in 

55 the cordierite, such as iron and titanium, can be used as 
said component for lowing the crystallization tempera- 
ture of cordierite. 

[0014] It is also preferred that a substrate having cell 
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walls in a honeycomb form and comprising Si0 2 , Al 2 0 3 
and MgO as the main chemical components is fired to 
form a fired substrate; a mixture of a component for low- 
ering the cordierite crystal phase crystallization temper- 
ature of said fired substrate with a medium is applied to 
said fired substrate; and said fired substrate with said 
mixture is again fired to form a honeycomb structure 
comprising a crystalline cordierite phase, said crystal- 
line cordierite phase comprising 42 - 56% by mass of 
Si0 2 , 30 - 42% by mass of Al 2 0 3 and 12-1 8% by mass 
of MgO as the main chemical components. In this proc- 
ess, a mixture of a component for lowering the crystal- 
lization temperature of cordierite crystal phase with a 
medium is introduced in small pores of cell walls of a 
once-fired substrate, and the substrate is then fired, by 
which the small pores decrease. In this process, since 
the substrate, to which a mixture of a component for low- 
ering the crystallization temperature of cordierite crystal 
phase with a liquid medium is to be applied, is a once- 
fired substrate, the substrate is stable and therefore the 
application of the mixture is easy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 

Figs. 1 A and 1 B are front and side views of a hon- 
eycomb structure in Example 1 ; 
Fig. 2 shows an exhaust gas purification device in 
which a honeycomb structure in Example 1 is set; 
Figs. 3A to 3C show a process of producing a hon- 
eycomb structure in Example 1; 
Figs. 4A and 4B are enlarged views of cell walls of 
a conventional honeycomb structure and a honey- 
comb structure in Example 1 , respectively; 
Fig. 5 shows the relationship between the pore size 
and the pore volume of a conventional honeycomb 
structure and a honeycomb structure in Example 1 ; 
Fig. 6 shows the compared strength at the end of a 
honeycomb structure between a conventional hon- 
eycomb structure and a honeycomb structure in Ex- 
ample 1 ; 

Fig. 7 shows the compared amount of catalyst sup- 
ported on a honeycomb structure between a con- 
ventional honeycomb structure and a honeycomb 
structure in Example 1 ; 

Fig. 8 is a compositional diagram showing the 
cordierite composition of a honeycomb structure 
when the honeycomb structure is fired with or with- 
out a mixture liquid applied; and 
Fig. 9 shows another process of producing a hon- 
eycomb structure. 

EXAMPLES 

Example 1 and Comparative Example 1 
[0016] Figs. 1 A - 5 are referred to. 



A honeycomb structure mainly comprising a 
cordierite, as shown in Fig. 1 A, was formed in Example 
1 . The honeycomb structure 1 was cylindrical and had 
a peripheral wall 13 in which cell walls 1 0 were provided 
5 in the form of honeycomb. The cell walls 1 0 had a thick- 
ness of about 1 00 u,m and the cells 1 8 were rectangular 
having each side about 1 .27 mm long. 
[001 7] Fig. 1 B shows the side view of the honeycomb 
structure 1 . 

w [0018] As shown in Fig. 2, the honeycomb structure 
1 on which a catalyst is supported is arranged in an ex- 
haust gas purifying device 6, in which exhaust gas 8 
passes through the cells 18 formed by the cell walls 10 
in the honeycomb structure 1 . 

is [0019] In the production of this honeycomb structure 
1, a starting material was prepared by adjusting the 
composition ratio, the particle size and so on of talc, ka- 
olin, calcined kaolin and alumina so as to form a cordier- 
ite crystalline phase by firing. This starting material was 

20 extruded through a die (not shown in figures but known) 
and the extruded body was dried to form a honeycomb 
substrate 3. 

[0020] As shown in Fig. 3A, a mixture 7 of a liquid 
phase was previously prepared from 25% by mass of 

25 talc, as a component for lowing the crystallization tem- 
perature of cordierite, and 75% by mass of a non-aque- 
ous organic solvent such as petroleum-based hydrocar- 
bons. The talc may be changed to another cordierite- 
constituting component or an impurity of the cordierite. 

30 [0021] Next, as shown in Fig. 3B, the substrate 3 was 
immersed almost entirely in the mixture liquid 7 to apply 
or coat the mixture to about 95% of the total surface area 
of the cell walls constituting the substrate 3. 
[0022] The reason why the mixture 7 was applied or 

35 coated to only about 95% of the total surface area of the 
cell walls constituting the substrate 3 is that even when 
the substrate 3 was entirely immersed in the mixture liq- 
uid 7, air bubbles could not be removed completely from 
the substrate 3. It is of course desired that the mixture 

40 7 could be applied to about 100% of the total surface 
area of the celt walls constituting the substrate 3, if pos- 
sible. However, even application of the mixture to about 
80% or more, more preferably 90% or more of the total 
surface area of the cell walls constituting the substrate 

45 3 provides a sufficient strength. 

[0023] As a result of the immersion of the substrate 3 
in the mixture liquid 7, the mixture liquid 7 was applied 
to approximately all the surface of the cell walls of the 
substrate 3, as shown in Fig. 3C. 

so [0024] The excess mixture liquid was removed from 
the cell walls 30 by air pressure or suction. 
[0025] By applying the mixture liquid 7 to the substrate 
3, the honeycomb structure afterfiring mainly comprised 
a cordierite phase consisting of 51% by mass of Si0 2 , 

55 33% by mass of Al 2 0 3 and 1 6% by mass of MgO, while 
the substrate without the application of the mixture liquid 
should provide as the main component a cordierite 
phase consisting of 50% by mass of SiO z , 36% by mass 
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of AI 2 O a and 1 4% by mass of MgO by firing. This means 
that the cordierite crystallization temperature was low- 
ered from 1 460°C prior to the application of the mixture 
liquid to 1430*C after the application of the mixture liq- 
uid. 

[0026] The substrate 3 whose cordierite crystalliza- 
tion temperature was lowered, was fired for 4 hours at 
1400°C which is the same as the firing temperature of 
the substrate 3 without the applied mixture liquid. 
[0027] Fig. 4A schematically shows an enlarged sec- 
tional view of a cell wall of a conventional substrate fired 
without application of the mixture liquid and Fig. 4B 
schematically shows an enlarged sectional view of a cell 
wall of the substrate fired after the application of the mix- 
ture liquid as above. It is seen that small pores decrease 
in Fig. 4B in comparison with Fig. 4A. 
[0028] Fig. 5 shows the relationship between pore 
size and pore volume of the pores in the cell walls of the 
substrates of the prior art and the present invention. In 
Fig. 5, the line a shows that of the prior art and the line 
b shows that of the present invention. 
[0029] From Figs. 4A, 4B and 5, it is seen that by low- 
ering the cordierite crystallization temperature of the cell 
walls 1 0, only small pores having a pore size of 1 u/n or 
less, which do not contribute to the catalyst support, can 
substantially decrease in the cell walls of the honey- 
comb structure, in comparison with the cell walls of the 
conventional honeycomb structure. 
[0030] As a result, the porosity of the cell walls of this 
Example decreased to 25% by a decrease in the small 
pores, from 35% of the porosity which was obtained 
when the mixture liquid was not applied, by which the 
strength of the cell walls of the honeycomb structure in- 
creased. Also, the amount of the catalyst supported was 
maintained or not decreased, because a decrease in the 
large pores was substantially prevented. 
[0031] The strength of the end surface of the honey- 
comb structure and the amount of the catalyst supported 
of this Example 1 and Comparative Example 1 were 
measured and are shown in Figs. 6 and 7. Here, the 
honeycomb structure measured had a cylindrical shape 
with a diameter of 1 03 mm and a length of 1 05 mm and 
had 900 mesh-cells with a cell wall thickness of abut 50 
u,m. The strength of the end surface of the honeycomb 
structure was measured by applying a 1 0 mm-diameter 
pin to the end surface of the honeycomb structure, in- 
creasing the pressure of the pin toward the end surface 
of the honeycomb structure, determining the load when 
the end surface of the honeycomb structure was dam- 
aged or cracked, and dividing the measured load by the 
surface area of the 10 mm-diameter pin to obtain the 
strength of the end surface in MPa. 
[0032] It is seen from Figs. 6 and 7 that the honey- 
.comb structure of Example 1 had an improved end sur- 
face strength while the amount of the catalyst supported 
was maintained, in comparison with Comparative Ex- 
ample 1 . 



Example 2 

[0033] When Fig. 8 is referred to, in Example 1, the 
honeycomb structure 3 had a cordierite composition as 

s indicated by the region A in Fig. 8, typically 50% by mass 
of Si0 2 , 36% by mass of Al 2 0 3 and 14% by mass of 
MgO, when the mixture liquid was not applied and the 
structure was fired, but it was changed by the application 
of the mixture liquid followed by firing to the region B in 

10 Rg. 8, typically 51% by mass of Si0 2 , 33% by mass of 
Al 2 0 3 and 16% by mass of MgO. 
[0034] However, the composition in the region B has 
a thermal expansion coefficient higher than that of the 
composition In the region A, resulting in that the fired 

is honeycomb structure with the composition in the region 
B may have an inferior thermal shock resistance. 
[0035] Considering the above, in Example 2, the hon- 
eycomb structure 3 used a cordierite composition as in- 
dicated by the region C in Fig. 8, typically 49% by mass 

20 of Si0 2 , 39% by mass of Al 2 0 3 and 12% by mass of 
MgO, when the structure was fired without application 
of the mixture liquid, and the composition of the honey- 
comb structure 3 after firing was changed by the appli- 
cation of the mixture liquid to the region A in Fig. 8, typ- 

25 ically 50% by mass of SI0 2 , 36% by mass of Al 2 0 3 and 
14% by mass of MgO. 

[0036] In this case, since the composition of the start- 
ing material is controlled such that the honeycomb struc- 
ture when the mixture liquid is applied and fired has the 

30 same cordierite composition as that of the conventional 
honeycomb structure, not only the porosity decrease 
and the amount of the catalyst supported is maintained 
but also increase in the thermal expansion coefficient is 
prevented, in the obtained honeycomb structure. 

35 [0037] Although the mixture liquid was applied to a 
substrate which had not been fired in Examples 1 and 
2, the present invention is not limited thereto. For exam- 
ple, a mixture liquid may be applied to a fired honey- 
comb substrate and the substrate be fired again after a 

40 mixture liquid is applied. In this case, it is preferred that 
the mixture liquid is a mixture of a melting-point-lowering 
component such as talc with a binder and water. 
[0038] In Examples 1 and 2, the honeycomb structure 
as a whole was immersed in a mixture liquid followed 

45 by removing an excess mixture liquid to apply or coat 
the mixture liquid to the honeycomb structure as shown 
in Figs. 3A to 3C, the present invention is not limited 
thereto. For example, as shown in Fig. 9, a member 30 
for introducing a mixture liquid and a member 32 for dis- 

50 charging a mixture liquid are provided to one and other 
ends of a honeycomb structure, respectively, and a mix- 
ture liquid 7 flows through the honeycomb structure, fol- 
lowed by removing an excess mixture liquid from the 
honeycomb structure, to apply or coat the mixture liquid 

55 onto the honeycomb structure. 

[0039] A process for producing a honeycomb struc- 
ture, comprising the steps of: providing a substrate hav- 
ing cell walls In a honeycomb form and comprising Si0 2 , 
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Al 2 0 3 and MgO as the main chemical components, ap- 
plying to said substrate a mixture of a component for 
lowering the cordierite crystal phase crystallization tem- 
perature of said substrate with a liquid medium, and fir- 
ing said substrate with said mixture applied to form a 
honeycomb structure comprising a crystalline cordierite 
phase, said crystalline cordierite phase comprising 42 - 
56% by mass of Si0 2 30 - 42% by mass of Al 2 0 3 and 
12 - 18% by mass of MgO as the main chemical com- 
ponents. 



Claims 

1. A process, for producing a honeycomb structure, 
comprising the steps of: 

providing a substrate having cell walls in a hon- 
eycomb form and comprising Si0 2 , Al 2 0 3 and 
MgO as the main chemical components, 
applying to said substrate a mixture of a com- 
ponent for lowering the cordierite crystal phase 
crystallization temperature of said substrate 
with a liquid medium, and 
firing said substrate with said mixture applied 
to form a honeycomb structure comprising a 
crystalline cordierite phase, said crystalline 
cordierite phase comprising 42 - 56% by mass 
of Si0 2 , 30 - 42% by mass of Af 2 O a and 12 - 
18% by mass of MgO as the main chemical 
components. 
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wherein said component for lowering the cordierite 
crystal phase crystallization temperature of said 
substrate in said mixture is at least one selected 
from the group consisting of talc, alumina, kaolin, 
iron and titanium. 

A process for producing a honeycomb structure, 
comprising the steps of: 

firing a substrate having cell walls in a honey- 
comb form and comprising Si0 2 , Al 2 0 3 and 
MgO as the main chemical components to form 
a fired substrate, 

applying to said fired substrate a mixture of a 
component for lowering the cordierite crystal 
phase crystallization temperature of said fired 
substrate with a liquid medium, and then 
firing said fired substrate with said mixture ap- 
plied, to form a honeycomb structure compris- 
ing a crystalline cordierite phase, said crystal- 
line cordierite phase comprising 42 - 56% by 
mass of Si0 2 , 30 - 42% by mass of Al 2 0 3 and 
1 2 - 1 8% by mass of MgO as the main chemical 
components. 



The process according to claim 1 wherein said firing 
temperature after the application of said mixture is 
close to the temperature at which the substrate 35 
without the mixture applied is to be fired. 



The process according to claim 1 , wherein said mix- 
ture is applied to 80% or more of the total surface 
area of the cell walls of said substrate. 



40 



4. The process according to claim 1 , wherein said mix- 
ture is applied to 90% or more of the total surface 
area of the cell walls of said substrate. 

5. The process according to any one of claims 1 to 4, 
further comprising the step of removing an excess 
portion of said mixture from the surface of said cell 
walls of said substrate after said step of application 
of said mixture. 



45 



50 



The process according to any one of claims 1 to 5, 
wherein said substrate prior to said application of 
said mixture is a substrate which has not been fired, 
and said liquid medium of said mixture is a non- 
aqueous organic medium. 



55 



7. The process according to any one of claims 1 to 6, 
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